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SUMMARY 
Economy o f s t o r a g e space and e f f i c i e n c y o f t h e p a l l e t placement 
o p e r a t i o n have o f t e n been c o n s i d e r e d in c o n f l i c t w i t h each o t h e r . Many 
c o n s i d e r a t i o n s e n t e r i n t o t h e economy o f p a l l e t p l a c e m e n t , such as s i z e 
o f p a l l e t s , s i z e o f f o r k l i f t t r u c k , width o f a i s l e , column s p a c i n g , and 
t y p e o f o p e r a t i o n . The " s l a n t " a n g l e o f t h e p a l l e t s , w i t h r e s p e c t t o the 
a i s l e , and t h e b e s t spac ing between a d j a c e n t p a l l e t s w i l l v a r y w i t h each 
s e t o f c o n d i t i o n s . No s i n g l e a n g l e o r s p a c i n g w i l l f i t e v e r y combinat ion 
o f f a c t o r s o r s a t i s f y a l l o f t h e many c o n d i t i o n s which e n t e r i n t o a g i v e n 
warehousing problem. 
In t h i s s t u d y mathemat i ca l models were deve loped and manipulated 
t o de termine optimum v a l u e s o f s l a n t a n g l e and p a l l e t s p a c i n g . The mea­
s u r e o f e f f e c t i v e n e s s chosen f o r de termin ing o p t i m a l i t y was t h e r a t i o o f 
t h e area o f t h e p a l l e t o r p a l l e t s f a c i n g an a i s l e t o t h e t o t a l r e l e v a n t 
warehouse area r e q u i r e d t o house and s e r v i c e t h e p a l l e t s , assuming t h e 
a i s l e s e r v i c e s two rows o f p a l l e t s . From f o r k l i f t t r u c k s p e c i f i c a t i o n s 
s u p p l i e d by t h e m a n u f a c t u r e r s , an a p p r o p r i a t e range o f v a l u e s f o r l e n g t h 
and width o f t h e f o r k t r u c k , t u r n i n g r a d i u s , and maneuvering c h a r a c t e r i s t i c s 
were s e l e c t e d . S e v e r a l p o p u l a r s i z e s o f p a l l e t s in g e n e r a l use in t h e i n ­
d u s t r y were a l s o s e l e c t e d . 
Three model e q u a t i o n s were wri t ten , t o d e s c r i b e t h e e f f i c i e n c i e s o f 
t h e f o l l o w i n g c a s e s : 
Case I . S l a n t a n g l e , z e r o d e g r e e s ; p a l l e t spac ing z e r o . 
v i i 
Case I I . S l a n t a n g l e , z e r o d e g r e e s ; p a l l e t spac ing not z e r o . 
Case I I I . S l a n t a n g l e , no t z e r o d e g r e e s ; p a l l e t spac ing z e r o . 
A s o l u t i o n t o each o f t h e e q u a t i o n s in terms o f t h e p a l l e t dimen­
s i o n s , f o r k t r u c k c h a r a c t e r i s t i c s , s l a n t a n g l e and p a l l e t s p a c i n g a r e 
p r e s e n t e d in t a b u l a r form showing t h e e f f e c t o f d e p a r t u r e s from t h e optimum 
v a l u e s . 
The r e s u l t s o f t h e s t u d y I n d i c a t e t h a t t h e optimum space between 
p a l l e t s i s z e r o , t h e optimum p a l l e t placement i s p e r p e n d i c u l a r t o t h e a i s l e , 
and t h a t p a l l e t l e n g t h and number o f p a l l e t s in depth should be made a s 
l a r g e a s p o s s i b l e . The p a r a m e t e r s , p a l l e t width and number o f p a l l e t s in 
width had l i t t l e e f f e c t on t h e r e s u l t i n g e f f i c i e n c i e s . I t was a l s o noted 
t h a t t h e sum o f t h e p a r a m e t e r s , t u r n i n g r a d i u s , o p e r a t i n g c l e a r a n c e , and 
d i s t a n c e from f a c e o f f o r k s t o c e n t e r o f f r o n t a x l e , shou ld be as s m a l l as 
p r a c t i c a l . 
CHAPTER I 
INTRODUCTION 
Warehouse L a y o u t . - - W h i l e t h e i d e a l procedure when making a p l a n t layout 
i s t o f i r s t e s t a b l i s h t h e handl ing sys tem and then b u i l d t h e p l a n t around 
i t , o r d i n a r i l y t h e p l a n t i s a l r e a d y b u i l t and merchandise and as sembly 
l i n e s must be s p o t t e d w i t h i n t h e c o n f i n e s o f e x i s t i n g w a l l s and columns. 
T h i s c o m p l i c a t e s t h e problem and often requires compromising t h e optimum 
l a y o u t . Y e t , i f t h e same t e c h n i q u e s which a r e used when d e s i g n i n g new 
f a c i l i t i e s were used t o p l a n t h e layout f o r o l d p l a n t s , many o f t h e s e 
problems cou ld be m i n i m i z e d , handl ing c o s t s cou ld be l o w e r e d , and p r o d u c ­
t i o n r a t e s cou ld be i n c r e a s e d . 
P r i o r t o t h e i n t r o d u c t i o n o f t h e hand and power f o r k l i f t t r u c k 
warehoused merchandise was p l a c e d i n t o s t o r a g e manua l ly . T h i s r e q u i r e d 
t h e h a n d l i n g o f each case o f merchandise as i t was p l a c e d i n t o s t o r a g e 
and an a d d i t i o n a l handl ing o f t h e same c a s e when i t was withdrawn from 
s t o r a g e . One c a s e was p l a c e d on t o p o f a n o t h e r , one a t a t i m e , and was 
withdrawn in t h e r e v e r s e manner. I f c e i l i n g h e i g h t and f l o o r load c a p a c i t y 
p e r m i t t e d , t h e y were s t a c k e d as h igh as t h e warehouseman cou ld reach e i t h e r 
from t h e f l o o r o r b y c l i m b i n g on t o p o f t h e merchandi se . I t cou ld a l s o be 
b l o c k - s t a c k e d wi th no space wasted between merchandise . 
W i t h t h e i n t r o d u c t i o n o f t h e manual a n d , l a t e r , t h e power f o r k l i f t 
t r u c k , i t was found t h a t u n i t loads o f merchandise cou ld be moved from 
p o i n t o f r e c e i p t t o s t o r a g e i n l e s s t ime and a t a lower c o s t . However, 
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t h e a d d i t i o n o f t h e s e new handl ing d e v i c e s c r e a t e d a d d i t i o n a l problems in 
t h e requirement f o r more a i s l e space and c l e a r a n c e between a d j a c e n t s t a c k s 
in o r d e r t o maneuver. C o n s e q u e n t l y , t h e r a t i o o f s t o r a g e space t o t o t a l 
space was d e c r e a s e d . In an e f f o r t t o r e c a p t u r e t h i s l o s s in s t o r a g e a r e a , 
u n i t loads were p l a c e d on t o p o f one a n o t h e r as h igh as t h e merchandise 
would s tand wi thout t o p p l i n g o r c r u s h i n g . 
W h i l e most authors r e c o g n i z e t h e importance o f c o n s e r v i n g space 
v e r y few have t r e a t e d i t q u a n t i t a t i v e l y . 
L i t e r a t u r e S e a r c h . - - A thorough search o f t h e literature on t h e e f f i c i e n t 
use o f warehouse space f a i l e d t o t u r n up any r e f e r e n c e t o a q u a n t i t a t i v e 
s t u d y o f t h e s u b j e c t . Th i s has been e s s e n t i a l l y an e m p i r i c a l f i e l d . 
The f o l l o w i n g m a t e r i a l quoted from S idney R e i b e l ( l ) p r e s e n t s an 
e x c e l l e n t p i c t u r e o f t h e important p a r t p layed b y a i s l e s in t h e p l a n t 
l a y o u t . 
In t h e average i n d u s t r i a l p l a n t , a i s l e s a r e t h e highways 
and byways , t h e r o a d s , on which a lmos t a l l movement o f workers 
and m a t e r i a l s t a k e s p l a c e . . w i th t h e e x c e p t i o n o f c o u r s e o f 
t h e work accompl i shed b y conveyors and c r a n e s . A i s l e s t a k e 
up a l o t o f s p a c e , sometimes so much t h a t p l a n t e f f i c i e n c y i s 
a f f e c t e d . T h e r e f o r e , c a r e f u l c o n s i d e r a t i o n o f t h e l o c a t i o n 
and arrangement o f a i s l e s i s no t o n l y a d v i s a b l e but i s l i k e l y 
t o be p r o f i t a b l e as w e l l . On t h e o t h e r hand, c a r e l e s s n e s s and 
n e g l e c t o f a i s l e s may prove t o be c o s t l y . 
One o f t h e p r i n c i p a l f a c t o r s in s e t t i n g minimum widths f o r 
i n t e r i o r t r u c k i n g a i s l e s i s t h e space n e c e s s a r y f o r maneuvering 
power l i f t t r u c k s . Turning r a d i u s , and . . as w e l l a s s i d e . . 
c l e a r a n c e s , and s i z e o f l o a d s o f s p e c i f i c equipment must be 
checked by c l e a r a n c e diagrams t o h e l p de termine t h e width o f 
a i s l e s . 
A d d i t i o n a l i n f o r m a t i o n concerning t h e important r o l e p l a y e d by a i s l e s and 
f l o o r a r e a may be found in t h e t e x t by James H. App le ( 2 ) : 
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A i s l e s a r e n o n - p r o d u c t i v e a r e a s and each square f o o t used f o r 
a i s l e s i s l o s t t o p r o d u c t i o n . Produc t ion pays f o r i t s f l o o r 
area a i s l e s do n o t . 
Each square f o o t o f f l o o r area in a p l a n t c o s t s money. One 
m a n u f a c t u r e r , f o r example , has c a l c u l a t e d h i s f l o o r area c o s t 
t o be $ 1 . 0 0 p e r square f o o t per month. T h i s amount i n c l u d e s a l l 
overhead c o s t s . Only i f each square f o o t i s used t o b e s t advan­
t a g e can t h e a t t e n d i n g overhead c o s t s per u n i t o f product be 
kept down. F l o o r area occup ied b y equipment in o p e r a t i o n pays 
i t s own way. Unoccupied , wasted o r i d l e f l o o r a r e a i s a burden 
on t h e r e s t o f t h e p l a n t . 
From t h e s e s t a t e m e n t s and o t h e r s t h a t e q u a l l y s t r e s s t h e importance 
o f c o n s e r v i n g f l o o r space as w e l l as a i s l e w i d t h , i t i s r e a s o n a b l e t o 
assume t h a t any e f f o r t made in t h e d i r e c t i o n o f u t i l i z i n g e x i s t i n g space 
more e f f i c i e n t l y o r p lann ing new space f o r optimum use w i l l min imize t h e 
c a p i t a l i n v e s t m e n t . 
Shubin and Madehelm ( 3 ) in t h e i r t e x t mention t h e importance o f 
s t o r a g e ; however , t h e y t o o p r o v i d e no c l u e as t o how t h i s problem can be 
approached on a mathemat i ca l b a s i s . The f o l l o w i n g i s an e x c e r p t from t h e 
t e x t : 
S t o r a g e a c t i v i t i e s p r o v i d e t h e f o l l o w i n g s e r v i c e s t o t h e 
p l a n t ; t o r e c e i v e a l l m a t e r i a l s and s u p p l i e s ; t o p r o t e c t and 
reduce was tage o f m a t e r i a l s due t o d e t e r i o r a t i o n , t h e f t , and 
b r e a k a g e ; upon a u t h o r i z a t i o n t o i s s u e m a t e r i a l s i n t h e r e q u i r e d 
manner and q u a n t i t i e s , and a t t h e s p e c i f i e d t i m e ; and t o c o n ­
t r o l temporary s t o r a g e o f work in p r o c e s s . 
Areas shou ld be arranged in t h e f l o o r p lan t o p r o v i d e the 
maximum s t o r a g e s e r v i c e a t minimum c o s t . A good s t o r e s l ayout 
p r o v i d e s t h e f o l l o w i n g b e n e f i t s : ( l ) e f f i c i e n t u t i l i z a t i o n o f 
f l o o r space devoted t o s t o r a g e , ( 2 ) q u i c k a v a i l a b i l i t y o f m a t e r ­
i a l s f o r m a n u f a c t u r i n g , ("3) a i d s m a t e r i a l c o n t r o l by f a c i l i t a t i n g 
p h y s i c a l t u r n o v e r o f m a t e r i a l s and ease o f t a k i n g p h y s i c a l i n ­
v e n t o r y , ( 4 ) p r o v i d e s maximum f l e x i b i l i t y o f s t o r a g e arrangement 
t o permit changes and expans ion o f i n v e n t o r y a t low c o s t . 
The r a t i o o f a i s l e space t o t h e t o t a l s t o r a g e a r e a should be 
as low as i s p r a c t i c a l . 
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Some work has been done toward p r o v i d i n g an e q u a t i o n r e l a t i n g a i s l e 
w i d t h t o t h e d e s i r e d d imens ions o f p a l l e t s i z e and f o r k l i f t t r u c k s p e c i ­
f i c a t i o n s . S t o c k e r (4) shows t h e f o l l o w i n g in h i s t e x t : 
where width (W) i s more than 2B and where 
A s A i s l e w i d t h . 
B AS D i s t a n c e from c e n t e r l i n e o f t r u c k t o c e n t e r l i n e 
o f p o i n t about which t r u c k t u r n s when s t e e r i n g whee ls 
a r e in extreme cramped p o s i t i o n 
TR = Turning r a d i u s . 
L =5 Length o f l o a d . 
W = Width o f l o a d . 
C = C l e a r a n c e s e t a t 6 I n c h e s . 
X = D i s t a n c e from c e n t e r l i n e o f d r i v e a x l e t o f a c e o f f o r k s . 
W h i l e t h i s e q u a t i o n w i l l a s s i s t i n d e t e r m i n i n g t h e a i s l e w i d t h , i t 
in no way r e l a t e s i t t o s t o r a g e a r e a . ( F u r t h e r i n v e s t i g a t i o n r e v e a l s t h a t 
t h i s e q u a t i o n i s v a l i d o n l y f o r t h e c o n d i t i o n o f c == 0 , a = 0 , a s d e f i n e d 
in Chapter I I o f t h i s t h e s i s . ) 
There i s f u r t h e r mention by S t o c k e r (4) o f o t h e r methods o f s t a c k ­
ing merchandise : 
When m a t e r i a l i s s t a c k e d a t 9 0 ° t o t h e a , i s l e , t h e a i s l e must 
be o f s u f f i c i e n t width t o a l l o w f o r t h e o v e r a l l l e n g t h o f t h e 
f o r k t r u c k , p l u s t h e l o a d . 
A = T R + X + L + C 
where w id th (W) i s l e s s than 2B, and 
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For l a r g e c e n t e r s e c t i o n s i n which minimum a i s l e w id ths a r e 
desired, the 45° a n g l e method should be g i v e n c o n s i d e r a t i o n . 
Narrower a i s l e s can be u sed w i t h 45° angle method s i n c e t h e 
equipment makes only a q u a r t e r turn to f a c e t h e p o i n t o f s t o r ­
age. When p a l l e t s are s t o r e d in a center s e c t i o n , 45° s t a c k i n g 
causes'some loss of s p a c e . 
When part of p a l l e t e d m a t e r i a l i n s t o r a g e i s to be withdrawn 
a t f r e q u e n t p e r i o d s , or i f one or more packages a r e to be 
removed from p a l l e t s , the 45° method of s t o r i n g proves very 
a d v a n t a g e o u s . The loss of space caused by p a r t i a l w i thdrawal 
of lo ts in s t o r a g e l e a v e s space which cannot be f i l l e d u n t i l 
t h e remainder of t h e m a t e r i a l i s moved. T h i s l o s s of space 
through p a r t i a l d e l i v e r y o f l o t s i s c a l l e d "honey c o m b i n g . n 
However, by t h e 4 5 ° method, s h o r t rowSv,are p r o v i d e d e a s i l y so 
t h a t more e f f e c t i v e u t i l i z a t i o n i s made o f t h e a v a i l a b l e s p a c e . 
A l a t e r s e a r c h o f l i t e r a t u r e w r i t t e n on t h e s u b j e c t o f warehouse 
s t o r a g e produced a t e c h n i q u e in de termin ing how t h e s t o r a g e f a c i l i t y should 
be p l a n n e d . The t e x t by Haynes ( 6 ) has the s f o l l o w i n g paragraph d e a l i n g 
with the s u b j e c t : 
Many who a r e p lann ing a s t o r a g e f a c i l i t y f e e l t h a t much space 
can be saved by u s ing 45"deg i n s t e a d o f t h e more c o n v e n t i o n a l 
90-deg p i l i n g . The f a c t t h a t f r e q u e n t l y i s o v e r l o o k e d i s t h a t 
when s t o r a g e space i s set: up on t h e former b a s i s , more space i s 
r e q u i r e d in a r r a n g i n g t h e s t o r e d p a l l e t s a t a s l a n t than, when 
t h e y a r e p e r p e n d i c u l a r t o t h e a i s l e - - . The s a f e s t procedure 
in p l a n n i n g a new l a y o u t i s t o make a s c a l e drawing o f t h e p r o ­
posed s t o r a g e a r e a and t h e n , w i t h t e m p l a t e s made t o t h e same 
s c a l e , t e s t t h e d i f f e r e n t p o s s i b i l i t i e s . 
F u r t h e r s e a r c h o f l i t e r a t u r e a v a i l a b l e on t h e s u b j e c t o f s t o r a g e 
space u t i l i z a t i o n r e v e a l s o n l y t h a t S t o c k e r ( 4 ) and Barker ( 5 ) a g r e e t h a t 
the 48" x 48" p a l l e t i s t h e most p r a c t i c a l s i z e . T h i s i s n o t t h e g e n e r ­
a l l y a c c e p t e d s i z e in use i n t h e i n d u s t r y . The 4 3 " x 4 0 " p a l l e t appears 
more f r e q u e n t l y than any o t h e r s i z e , a l t h o u g h t h e r e i s s t i l l wide d i s ­
agreement as to t h e p r o p e r s i z e t o u s e . I t would appear p r a c t i c a l t o pursue 
f u r t h e r t h e r e l a t i o n s h i p o f p a l l e t s i z e s a s t h e y a f f e c t optimum s t o r a g e 
space u t i l i z a t i o n i n an e f f o r t t o e s t a b l i s h equat ions w i t h which one can 
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base the l a y o u t o f s t o r a g e space i n an optimum manner. I t a l s o i s apparent 
that c a l c u l a t i o n s should be made o f t h e e f f i c i e n c y o f s l a n t placement o f 
p a l l e t s and placement w i t h l a t e r a l c l e a r a n c e between p a l l e t s under a s wide 
a range o f c o n d i t i o n s as i s p r a c t i c a l . I t would appear important t o have 
a v a i l a b l e t h e t a b u l a t e d r e s u l t s o f t h e s e i n v e s t i g a t i o n s so t h a t any person 
r e s p o n s i b l e f o r p l a n t l a y o u t can choose t h e optimum v a l u e s o f p a l l e t and 
f o r k l i f t t r u c k t o f i t t h e c o n d i t i o n s o f e x i s t i n g b u i l d i n g s o r determine 
the minimum c a p i t a l t o be i n v e s t e d in new b u i l d i n g s by choos ing optimum 
v a l u e s f o r t h e r e q u i r e d equipment . 
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CHAPTER I I 
THE MODEL EQUATIONS 
D e s c r i p t i o n o f t h e P r o c e s s . - - P l a n t l a y o u t embraces t h e p h y s i c a l a r r a n g e ­
ment o f i n d u s t r i a l f a c i l i t i e s . T h i s arrangement , e i t h e r i n s t a l l e d o r in 
p l a n , i n c l u d e s t h e spaces needed f o r m a t e r i a l movement, s t o r a g e , i n d i r e c t 
l a b o r e r s , and a l l o t h e r s u p p o r t i n g a c t i v i t i e s o r s e r v i c e s , as w e l l as f o r 
o p e r a t i n g equipment and p e r s o n n e l . The term "plant l a y o u t " sometimes means 
t h e e x i s t i n g arrangement , sometimes proposed new l a y o u t p l a n , and o f t e n 
t h e a r e a o f s t u d y o r t h e work o f making a p l a n t l a y o u t . Hence , l a y o u t may 
be an a c t u a l i n s t a l l a t i o n , a p l a n , o r a j o b . 
One o f t h e most important f a c t o r s in p l a n t l a y o u t i s t h a t o f m a t e r ­
i a l h a n d l i n g . M a t e r i a l h a n d l i n g c o n s i s t s o f moving packages o f a g i v e n 
s i z e and w e i g h t , and t r a n s p o r t a t i o n o f t h e s e packages from one l o c a t i o n t o 
a n o t h e r . T h i s o p e r a t i o n may be repea ted many t i m e s w i t h many v a r i a t i o n s . 
M a t e r i a l h a n d l i n g e s s e n t i a l l y i n v o l v e s t h e s e two o p e r a t i o n s : ( l ) s t o r a g e , 
and ( 2 ) t r a n s p o r t a t i o n . Let us c o n s i d e r here t h e problem o f s t o r a g e . 
A l t h o u g h no t s t r i c t l y m a t e r i a l h a n d l i n g , s t o r a g e i s so c l o s e l y 
r e l a t e d t o i t t h a t i t shou ld be c o n s i d e r e d h e r e . I n g e n e r a l , s t o r a g e can 
be c l a s s i f i e d as one o f two t y p e s : ( l ) temporary - c o n s i d e r e d t o be t h e 
temporary h o l d i n g o f m a t e r i a l in any l o c a t i o n due t o i n a b i l i t y t o u t i l i z e 
i t Immedia te ly , t h e d u r a t i o n i s u s u a l l y s h o r t ; o r ( 2 ) permanent - c o n s i d ­
ered t o be a p lanned p r o c e s s f o r s t o r i n g m a t e r i a l s , u s u a l l y i n a predetermined 
l o c a t i o n , f o r t h e purpose o f c o n t r o l l i n g t h e s u p p l y o r t o render immobile 
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m a t e r i a l s n o t r e q u i r e d f o r immediate u s e . The t i m e i n t e r v a l o f s t o r a g e i s 
u s u a l l y l o n g . Let us c o n s i d e r a s t o r a g e a r e a o f w idth X , and depth Y , i n t o 
which we wish t o p l a c e as many p a l l e t s as p o s s i b l e c o n s i s t e n t w i th ease o f 
h a n d l i n g . For a c c e s s t o t h e s t o r a g e a r e a , we w i l l c o n s i d e r an a i s l e o f 
w i d t h D, a l o n g which w i l l t r a v e l and maneuver a s e l f - p r o p e l l e d f o r k l i f t 
t r u c k . Merchandise t o be p l a c e d i n t h e s t o r a g e area w i l l be p i cked up by 
t h e f o r k l i f t t r u c k a f t e r i t has been p l a c e d on t h e p a l l e t a n d then be 
t r a n s p o r t e d a l o n g t h e a i s l e t o t h e d e s i r e d l o c a t i o n in t h e s t o r a g e a r e a . 
The f o r k l i f t t r u c k w i l l then be maneuvered t o " s l a n t " a n g l e o f OL degrees 
from t h e a x i s o f t h e a i s l e toward t h e s t o r a g e a r e a and t h e p a l l e t w i l l be 
d e p o s i t e d i n t h e s t o r a g e a r e a . The p r o c e s s o f s t o r i n g t h e p a l l e t s w i l l be 
repeated u n t i l t h e e n t i r e a r e a i s f i l l e d . 
In t h i s s t u d y t h e f o l l o w i n g n o t a t i o n w i l l be used: 
a = w i d t h o f p a l l e t . 
b = l e n g t h o f p a l l e t . 
c = l a t e r a l c l e a r a n c e between p a l l e t s . 
d = o p e r a t i n g c l e a r a n c e in a i s l e w idth t o maneuver f o r k 
l i f t t r u c k , ( 6 " ) . 
D = width o f a i s l e . 
E = r a t i o o f t h e p a l l e t a r e a t o t h e t o t a l r e l e v a n t a r e a , 
e x p r e s s e d a s a p e r c e n t a g e . 
g = d i s t a n c e from f a c e o f f o r k s t o c e n t e r l i n e o f t h e f r o n t 
a x l e o f t h e f o r k l i f t t r u c k , 
K = t h e sum o f g , d , and R, 
L = d i s t a n c e from l e a d i n g edge o f t h e a i s l e t o t h e 
c e n t e r o f t h e p o i n t about which t h e f o r k t r u c k f r o n t 
wheel t u r n s , 
N, = number o f p a l l e t s i n depth from t h e a i s l e . 
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N = number o f p a l l e t s f a c i n g t h e a i s l e . 
n = t o t a l number o f a d d i t i o n a l p a l l e t s which may be p laced 
in t h e corners o f t h e s t o r a g e a r e a when p a l l e t s a r e 
a n g l e s t o r e d ( i . e . when cc ^ 0 ) . 
p = t h e d i s t a n c e from t h e c e n t e r l i n e o f t h e f o r k l i f t t r u c k 
f r o n t a x l e t o t h e end o f t h e p a l l e t . 
r = t u r n i n g r a d i u s o f f o r k t r u c k f r o n t w h e e l s . 
R = t u r n i n g r a d i u s o f r e a r o f f o r k l i f t t r u c k . 
R^ = t u r n i n g r a d i u s t o end o f p a l l e t . 
S = t h e d i s t a n c e t h e p a l l e t must be moved from t h e s t o r a g e 
a r e a b e f o r e i t c l e a r s t h e a d j a c e n t p a l l e t f o r t u r n i n g 
( s e e F i g . 2 ) . 
w = width o f t h e f o r k l i f t t r u c k . 
X = l e n g t h o f s t o r a g e a r e a o f N p a l l e t s f a c i n g t h e a i s l e . 
w 
Y = depth o f s t o r a g e a r e a o f N ^ p a l l e t s from t h e a i s l e p l u s 
o n e - h a I f t h e a i s l e w i d t h . 
OJ = a n g l e o f r o t a t i o n o f t h e p a l l e t w i t h r e s p e c t t o t h e c e n t e r 
l i n e o f t h e a i s l e . 
P = t h e sum o f t h e a n g l e s a and ( s e e F i g . 2 ) . 
u = t h e a n g l e formed b y t h e s i d e o f t h e p a l l e t and t h e f o r k 
t r u c k t u r n i n g rad ius ( s e e F i g . 2 ) . 
cr => t h e a n g l e formed by t h e s i d e o f t h e p a l l e t and t h e p a l l e t 
t u r n i n g r a d i u s ( s e e F i g . 2 ) . 
9 = t h e i n i t i a l a n g l e formed by t h e s i d e o f t h e p a l l e t be ing 
r o t a t e d and t h e s i d e o f t h e a d j a c e n t p a l l e t ( s e e F i g . 2)» 
0 f » t h e f i n a l a n g l e formed by t h e p a l l e t b e i n g r o t a t e d and 
t h e s i d e o f t h e a d j a c e n t p a l l e t a t t h e moment complete 
freedom o f r o t a t i o n i s a c h i e v e d ( s e e F i g . 2 ) . 
In t h i s s t u d y , t h e f o l l o w i n g three c a s e s w i l l be s t u d i e d : 
Case I . c = 0 , a = o . 
Case I I . c ^ 0 , a = 0 . 
Case I I I . c = 0 , a / 0 . 
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Case I . c = 0 . a = 0 , - - R e f e r r i n g t o F i g u r e 1 , t h e reader w i l l n o t e t h a t 
t h e r e s t r i c t i o n s p l a c e d on t h e movement o f t h e p a l l e t , b y assuming n o 
c l e a r a n c e between t h e p a l l e t t o be moved and t h e a d j a c e n t p a l l e t , p r e ­
c l u d e s any r o t a t i o n o f t h e f o r k l i f t t r u c k and p a l l e t u n t i l t h e end o f 
t h e p a l l e t i s withdrawn c o m p l e t e l y from t h e s t o r a g e a r e a i n t o t h e a i s l e . 
The end o f t h e p a l l e t be ing withdrawn must c l e a r t h e f a c e o f t h e a d j a c e n t 
p a l l e t b e f o r e t h e r e i s comple te freedom o f r o t a t i o n f o r t h e p a l l e t and 
f o r k t r u c k in o r d e r t h a t t h e f o r k t r u c k can t r a v e l a long t h e a i s l e . 
S i n c e t h e f o r k t r u c k and t h e p a l l e t must move a t r i g h t a n g l e s t o 
t h e a x i s o f t h e a i s l e and t h e end o f t h e p a l l e t b e i n g withdrawn from s t o r ­
age must c l e a r t h e l e a d i n g edge o f t h e a i s l e b e f o r e any r o t a t i o n may be 
a c c o m p l i s h e d , we may w r i t e t h e equat ion f o r t h e a i s l e width a s a sum o f 
p a l l e t and f o r k t r u c k parameters 
D = b + g + R + d ( l ) 
v a l i d f o r , a < D - d . 
R e f e r r i n g a g a i n t o F i g u r e 1 , we s e e t h a t t h e s t o r a g e area in which 
t h e p a l l e t s r e s t i s composed o f W p a l l e t s and s i n c e no c l e a r a n c e i s assumed 
between p a l l e t s , t h e area u t i l i z e d i s equa l t o t h e a r e a occup ied b y t h e N 
p a l l e t s . T h i s may be expres sed a s 
AREA UTILIZED = a b N N, . 
w d 
Assuming each a i s l e i s shared by two rows o f p a l l e t s , t h e t o t a l 
r e l e v a n t a r e a i s c h a r a c t e r i z e d as t h e area occup ied by t h e p a l l e t s p lus 
o n e - h a l f t h e a r e a o f t h e a i s l e on which t h e p a l l e t s f a c e . T h i s may be 
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e x p r e s s e d as 
TOTAL AREA = N (a + ~ ) ( N , b + ~ ) 
w v 2 N d 2 
The e q u a t i o n f o r t h e e f f i c i e n c y o f u t i l i z a t i o n o f t h e space may be 
expres sed as 
F AREA UTILIZED y i n r , _ 
E = TOTAL AREA X 1 0 ( * ' a n d 
E = 
E = 
100 a b N N, 
w d 
if00 a b N'N, 
w d 
N
w C 2 a + c ] K 2 N d + l ) b + g + R + d ] 
Now l e t c = 0 as assumed in Case I , and c a n c e l t h e common f a c t o r s ( 2 a N ) 
1 v w 
t o g i v e 
2 0 0 , N d b 
E = ( 2 N d + 1 ) b + ( g + - R + d ) * ' ( 2 ) 
Examinat ion o f Equat ion ( 2 ) i n d i c a t e s t h e f o l l o w i n g : 
( i ) E i s independent o f a and N . 
W * 
( i i ) E i n c r e a s e s m o n o t o n i c a l l y a s b and N^ i n c r e a s e . 
( i i i ) E d e c r e a s e s m o n o t o n i c a l l y a s t h e f o r k t r u c k parameter 
(g + R + d ) i n c r e a s e s . 
Case I I . c 4 0. a « Q . - » L e t us examine t h e movement o f t h e f o r k l i f t 
t r u c k and p a l l e t a s t h e p a l l e t i s withdrawn from t h e s t o r a g e a r e a . I f 
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t h e r e a d e r w i l l r e f e r t o F i g u r e 2 , p o s i t i o n 1 , i t w i l l he no ted t h a t t h e r e 
i s no immediate r e s t r i c t i o n t o t h e r o t a t i o n o f t h e p a l l e t b e i n g withdrawn. 
The f o r k t r u c k may p i v o t about t h e c e n t e r o f t h e t u r n i n g r a d i u s o f the 
f r o n t whee l u n t i l t h e corner o f t h e p a l l e t b e i n g withdrawn reaches t h e 
s i d e o f t h e a d j a c e n t p a l l e t . There i s no rearward movement o f t h e f o r k 
t r u c k o r p a l l e t up t o t h i s moment. In t h i s r o t a t e d p o s i t i o n , t h e p a l l e t 
be ing moved and t h e a d j a c e n t pal lert form an a n g l e between t h e two s i d e s 
which w i l l be denoted by 6 . The d i s t a n c e between t h e two p a l l e t s i n t o 
which t h e p a l l e t b e i n g moved has been r o t a t e d i s d e s i g n a t e d by c . The 
d i s t a n c e from t h e p o i n t o f c o n t a c t o f t h e r o t a t e d p a l l e t and t h e s t a t i o n a r y 
p a l l e t t o t h e f a c e o f t h e s t a t i o n a r y p a l l e t i s d e s i g n a t e d by S. 
Assume f o r convenience t h a t t h e c o r n e r o f t h e movable p a l l e t , W H I C H 
c o n t a c t s t h e s t a t i o n a r y p a l l e t , moves normal t o t h e a i s l e a d i s t a n c e S , a t 
a uni form v e l o c i t y V. The t ime o f t r a v e l t , i s then 
S i n c e t h e t r u c k i s a r i g i d body and can not move i n t o t h e space O C C U P I E D 
b y t h e a d j a c e n t p a l l e t , t h e o t h e r end o f t h e t r u c k must move AWAY FROM T H E 
a d j a c e n t p a l l e t so t h e v e l o c i t y v e c t o r , V s i n 9, i s a c t i n g I N T H I S D I R E C ­
t i o n . T h i s w i l l be no ted i n F i g u r e 2 , p o s i t i o n 2 , A N D C A N B E D E S C R I B E D B Y 
t h e f o l l o w i n g d i f f e r e n t i a l e q u a t i o n 
V s i n 9 = 
Then we can w r i t e 




a s o l u t i o n o f which i s g i v e n by 
/ \ V 
In ( e s c 9 - c o t 9) = — t + c . . 
Q 
where c^ i s an a r b i t r a r y c o n s t a n t . $ i n c e C s c 9 - c o t 9 = t a n — we 
can w r i t e t h i s as 
0 V 
In t a n ~r - t + c , 
2 p 1 
The c o n s t a n t c^ can be e v a l u a t e d from t h e boundary c o n d i t i o n 9 = 9 q when 
t « 0 , g i v i n g t h e f o l l o w i n g f o r o . 
In t a n * c^ 
Thus 
9 V °o 
In t a n ~ = — t + In t a n ~r~ } o r 
2 P 
T ~ T " = v * • 
tan o / 
Now, when t = S / V , we l e t 0 P 9 f , which reduces to 
t a n T J - E / ^ 9. .2 S / p ° f S/p 
a; e , t a n -r - = t a n ~ e / r , and f i n a l l y 
t a n Si 
2 
e = 2 a r c t a n ( tan ~ e S / / p ) . ( 3 ) 
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In e q u a t i o n ( 3 ) , 9f i s t h e f i n a l a n g l e between t h e s i d e o f t h e 
p a l l e t be ing moved and t h e s i d e o f t h e a d j a c e n t p a l l e t a t t h e moment com­
p l e t e freedom o f r o t a t i o n i s a c h i e v e d . T h i s p o s i t i o n w i l l be noted in 
F i g u r e 2 , p o s i t i o n 3« I t w i l l b e shown be low t h a t , g i v e n 0 f , c a l c u l a t i o n 
o f t h e a i s l e w i d t h f o l l o w s in a s t r a i g h t forward manner. To t h i s end, l e t 
us e x p r e s s t h e c o n s t a n t s 9^, S , and p , appear ing in e q u a t i o n ( 3 ) , in terms 
o f t h e c o n s t a n t s a l r e a d y d e f i n e d f o r t h e p a l l e t s i z e , t r u c k c h a r a c t e r i s t i c s , 
and l a t e r a l c l e a r a n c e between p a l l e t s . 
I n s p e c t i o n o f F i g u r e 2 i n d i c a t e s t h a t 
p = b + g (4) 
and P o s i t i o n 2 o f t h e F i g u r e shows t h a t 
/a . ^2 n 2 / v + a , N2 (S + g) * H 1 - ( ~ - — + c + r ) , 
or 
We may a l s o s e e from P o s i t i o n 1 o f F i g u r e 2 , t h a t 
*1 * ( r + ) 2 + ( t J + 6 ) 2 ( 6 ) 
S u b s t i t u t i o n o f e q u a t i o n (6). in e q u a t i o n (5) changes t h e l a t t e r a s f o l l o w s 
.8 = ^ ( r + f * (b • «J* - (. * c • r ) 2 - g (7) 
The use o f t h e e x p r e s s i o n W ^ ^ in t h e p r e c e d i n g e q u a t i o n s can 
b e s t be d e s c r i b e d by r e f e r r i n g t o F i g u r e 3 , where t h e c o n d i t i o n s o f a > w 
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and a < w a r e i l l u s t r a t e d . S i n c e t h e parameter r i s a f u n c t i o n o f t h e 
f o r k l i f t t r u c k and no t o f t h e p a l l e t , i t f o l l o w s t h a t any v a l u e s a s s i g n e d 
t o t h i s parameter must b e measured from some b a s e p o i n t on t h e f o r k t r u c k . 
T h i s b a s e p o i n t f o r t h e f r o n t whee l t u r n i n g r a d i u s i s measured from t h e 
o u t s i d e edge o f t h e f r o n t whee l s o f t h e f o r k t r u c k . Now, i n o r d e r t o 
c a l c u l a t e t h e v a l u e f o r R^, when a > w, we must c o n s t r u c t t h e r i g h t 
t r i a n g l e whose hypotenuse i s R ^ and whose s i d e s a r e (b + g ) and ( § " * j|* r) 
r e s p e c t i v e l y . Upon i n s p e c t i o n o f F i g u r e 3 f o r t h e c o n d i t i o n o f a < w, t h e 
r e a d e r w i l l s e e t h a t t h e e q u a t i o n s f o r bo th c o n d i t i o n s a r e t h e same and 
w + a 
t h e r e f o r e t h e e x p r e s s i o n — - — i s v a l i d f o r a < w o r a > w. 
The e q u a t i o n f o r 0 q can b e w r i t t e n as f o l l o w s 
4 / w + a + 2c + 2r N . , w + a + 2r v , Q s 9q = a r c s i n ( £g ) - a r c s i n ( — ) (8) 
S u b s t i t u t i o n o f e q u a t i o n (6) in e q u a t i o n (8) y i e l d s 
6 ~ a r c s: 
o 
w + a + 2c + 2 r 
- a r c s i n / * + , a + g r ] 
F i n a l l y , s u b s t i t u t i o n o f e q u a t i o n s (K), ( 7 ) , and (9) i n e q u a t i o n (3 ) , 
y i e l d s 

1.9 
= 2 a r c t a n tan — < a r c s in w + a + 2c + 2r 
' ( r + v j _ a ) 2 + ( b + g ) 2 
- arc s i n v + a + 2 r 
J 
exp 
Ft• w + . s2 / w + as v ^ ( r + — - — ) + (b + g ) - ( r + — - — ) + c ) 
b + g 
(10) 
C o n s i d e r now t h e e f f e c t o f c ^ 0 on t h e a i s l e w idth D. R e f e r r i n g 
a g a i n t o F i g u r e 2 , we can w r i t e 
where 
or 
D = R 1 cos ( 0 f + o) + R 2 + d , 
R 0 = R; 0 < u 




The a n g l e a i s a f u n c t i o n o f t h e p a l l e t and f o r k t r u c k parameters and the 
a n g l e n i s a s p e c i f i c f u n c t i o n o f t h e f o r k t r u c k ; t h e y can be expres sed 
as f o l l o w s : 
and 
/ w + a + 2 r v 
a = arc s i n ( ^ ) , 
^1 
i w + r x 
u. = a r c a m ( — p — ) . 
( 1 4 ) 
(15) 
S u b s t i t u t i o n o f e q u a t i o n ( 1 2 ) i n e q u a t i o n ( l l ) y i e l d s t h e equat ion 
f o r t h e a i s l e width i n terms o f t h e c o n s t a n t s a l r e a d y d e f i n e d and can be 
w r i t t e n a s : 
2 0 
D » R 1 cos ( 0 f + a ) + R + d ; 0 f < u . ( 1 6 ) 
I n l i k e manner, by s u b s t i t u t i n g e q u a t i o n ( 1 3 ) i n e q u a t i o n ( l l ) , t h e f o l l o w ­
ing r e s u l t i s o b t a i n e d : 
D = R 1 cos ( 0 f .+ 0 ) + R cos ( 9 f - u ) + d ; 0 f > u . ( 1 7 ) 
Having deve loped e q u a t i o n s f o r t h e a i s l e width D in terms o f known 
p a r a m e t e r s , we can now w r i t e t h e e x p r e s s i o n f o r t h e e f f i c i e n c y o f u t i l i z a ­
t i o n o f f l o o r space as f o l l o w s : 
AREA UTILIZED = a b N N, 
w d 
TOTAL AREA = N ( a + r ) ( N , b + ~ ) 
w v 2 K d 2 • 
4 0 0 a b i 
d 
(2a + c ) ( 2 N d b + D) 
( 1 8 ) 
where t h e common f a c t o r N w has been c a n c e l l e d , and t h e q u a n t i t y D i s g i v e n 
in e q u a t i o n s ( 1 6 ) o r ( i f ) . C l e a r l y , in t h i s c a s e , t h e e f f i c i e n c y i s a max­
imum when c = 0 , and d e c r e a s e s m o n o t o n i c a l l y as c i n c r e a s e s ; a l s o E i s 
independent o f ^ a s in Case I . 
CASE I I I , c as Q, a 4 0 . — I t w i l l be e v i d e n t t o t h e r e a d e r , when referring 
t o F i g u r e k, t h a t t h e r e s t r i c t i o n s p l a c e d on t h e p a l l e t b e i n g removed from 
t h e s t o r a g e a r e a a r e s i m i l a r t o t h o s e in F i g u r e 1 , except t h a t , as i n F i g u r e 
2 , t h e p a l l e t does not have t o be c o m p l e t e l y withdrawn from t h e s t o r a g e area 
b e f o r e t h e f o r k t r u c k and p a l l e t a r e f r e e t o r o t a t e . T h i s i s accompl i shed 
by p l a c i n g t h e p a l l e t a t an a n g l e t o t h e a i s l e . The g r e a t e r t h e a n g l e , t h e 
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s h o r t e r t h e rearward movement o f t h e f o r k t r u c k b e f o r e t h e end o f t h e p a l l e t 
c l e a r s t h e a d j a c e n t p a l l e t and i s f r e e t o r o t a t e . For any g i v e n s i z e o f 
p a l l e t t h e r e i s an a n g l e beyond which t h e p a l l e t can n o t be r o t a t e d , s i n c e , 
beyond t h i s p o i n t one p a l l e t w i l l mask e n t r y i n t o t h e f a c e o f t h e a d j a c e n t 
p a l l e t . T h i s r e s t r a i n t has been c o n s i d e r e d in t h e s o l u t i o n o f t h e equat ion 
and i s so no ted in T a b l e 3a in t h e n e x t c h a p t e r . 
Wi th t h e s e f a c t s in mind, t h e e q u a t i o n s f o r a i s l e width f o r Case I I I 
can be w r i t t e n . The equat ions a r e shown as f o l l o w s : 
D = R + d + g cos a + b cos OL - 2A s i n •QL 
v a l i d f o r u > a 
and D =* R cos ( a - u ) + d + g cos a + b cos OL -2A s i n a ':f-.o) 
v a l i d f o r u < a 
where a i s t h e a n g l e o f placement and u i s a f u n c t i o n o f t h e f o r k t r u c k 
a s g i v e n i n e q u a t i o n ( 1 5 ) » Re ference t o t h e t a b l e in t h e Appendix i n d i ­
c a t e s t h a t u i s a lways g r e a t e r than 3 0 ° f o r t h e f o r k t r u c k s s t u d i e d . 
Having deve loped equat ions f o r t h e a i s l e width D, in terms o f known 
p a r a m e t e r s , t h e e x p r e s s i o n f o r t h e e f f i c i e n c y o f u t i l i z a t i o n OF FLOOR space 
i s w r i t t e n a s f o l l o w s : 
.AREA UTILIZED = a b (N N, + n ) 
v w d 
TOTAL AREA * 
a ( N - l ) 
a cos a + — + L n s i n a 
cos oc d 
a s i n OL 
1 "! 
+ N^b cos a + ~ ( R + d + g cos a + b COS a -2A S I N a ) 
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which s i m p l i f i e s t o 
TOTAL AREA = 
(N - 1 ) 
a cos a + — - — - — + N,b s i n a 
cos a d 
' j [ c o s a ( 2 N d b + g + a).+ R + n ] 
- \ M M 
The f o l l o w i n g e x p r e s s i o n i s then g i v e n as t h e e f f i c i e n c y 
2 0 0 a b (N N + n ) 
E = — t 
( X ) ( Y ) % ' 
Examinat ion o f X and Y i n e q u a t i o n ( 2 2 ) i n d i c a t e s t h a t as a i s 
i n c r e a s e d from z e r o , X i n c r e a s e s and Y d e c r e a s e s ; however, t h e product 
XY i n c r e a s e s m o n o t o n i c a l l y in a t h u s , E i s a maximum when Ci = 0 , and E 
d e c r e a s e s m o n o t o n i c a l l y as a i n c r e a s e s . 
( 2 2 ) 
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CHAPTER I I I 
SOLUTION OF THE EQUATIONS 
Examinat ion o f each o f t h e e f f i c i e n c y equat ions i n d i c a t e d t h a t 
t h e optimum v a l u e s o f t h e independent d e s i g n parameters a and c were 
(X ~ c - 0 , i . e . , t h e optimum v a l u e s o c c u r r e d on t h e boundary o f t h e range 
o f i n t e r e s t f o r each o f t h e s e v a r i a b l e s . However, t h e g r e a t e s t u t i l i t y 
o f t h e s e equat ions can be d e r i v e d b y showing t h e e f f e c t o f v a r i a t i o n s in 
t h e v a r i o u s parameters on e f f i c i e n c y , as one d e p a r t s from t h e optimum 
l e v e l o f t h e v a r i o u s parameters s t u d i e d . In t h i s way, maximum e f f i c i e n c y 
d e s i g n s , w i t h c o n s t r a i n t s on t h e a i s l e width t o accommodate e x i s t i n g ware ­
house s t r u c t u r e , can be o b t a i n e d . For t h i s r e a s o n , an e x t e n s i v e s e t o f 
t a b l e s has been prepared f o r each o f t h e three c a s e s s t u d i e d in t h i s t h e s i s . 
In t h e s e t a b l e s , each o f t h e parameters i s v a r i e d , in s u i t a b l e i n c r e m e n t s , 
o v e r a range which should c o v e r t h e r e g i o n o f I n t e r e s t t o t h e p r a c t i c i n g 
e n g i n e e r . A t a b l e o f corresponding a i s l e w idths i s a l s o g i v e n . 
As an example o f how t h e s o l u t i o n s were o b t a i n e d , t h e d e t a i l s o f 
Case I , c a 0, a = 0, a r e p r e s e n t e d . T h i s Case covered t h r e e s i z e s o f 
p a l l e t and two s i z e s o f f o r k l i f t t r u c k . The range o f t h e p e r t i n e n t VARI­
a b l e s e v a l u a t e d a r e as f o l l o w s : 
b = 48", 60", 84" 
N d = 1, 2, 3, — ~ , 10 
K = 80", 110" 
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The sum o f t h e v a r i a b l e s g , R , and d , i s denoted by K. The v a l u e s f o r g 
and R were o b t a i n e d from s p e c i f i c a t i o n s p u b l i s h e d b y t h e manufac turer . 
The v a l u e f o r d , which i s warehouse p r a c t i c e , has been s e t a t 6 " and w i l l 
remain c o n s t a n t throughout t h e c a l c u l a t i o n s f o r a l l t h e T a b l e s . To i l l u s ­
t r a t e t h e mechanics o f t h e computa t ion , l e t us s e l e c t a p a l l e t w i t h l e n g t h , 
b = 4 8 " ; a f o r k t r u c k w i t h K = 8 0 " ; and depth o f p a l l e t s , N d = 1. Using 
e q u a t i o n ( 2 ) , we immediate ly o b t a i n 
_ , 2 0 0 ( 1 ) 4 8 _ . ^ 
** ~ [ 2 ( 1 ) + 1] 4 8 + 8 0 ~ 4 2 ' ^ ' 
S i n c e most l a y o u t work i s performed on e x i s t i n g b u i l d i n g s , t h e 
a i s l e w i d t h i s o f c o n s i d e r a b l e importance a l o n g w i t h t h e r e s p e c t i v e f l o o r 
space e f f i c i e n c i e s . T h e r e f o r e , in t h i s c a s e , use e q u a t i o n ( l ) f o r t h e a i s l e 
w i d t h . Then 
D = 4 8 + 13 + 6 1 + 6 = 128" . 
For t h e convenience o f the r e a d e r , a summary o f t h e e f f i c i e n c i e s f o r 
t h e Case I c =» 0 , oc = 0> a r e l i s t e d in T a b l e l a , and a i s l e widths in T a b l e 
If. In s i m i l a r manner, a p p r o p r i a t e t a b l e s were prepared f o r t h e o t h e r case s 
s t u d i e d . In each C a s e , a r e p r e s e n t a t i v e range o f f o r k t r u c k and p a l l e t 
s i z e which might be encountered in i n d u s t r y were s t u d i e d . 
During t h e i n v e s t i g a t i o n o f f o r k t r u c k s p e c i f i c a t i o n s , i t was found 
t h a t t h e d imens ion which v a r i e d most from one manufacturer t o a n o t h e r was 
t h e t u r n i n g rad ius o f t h e r e a r o f t h e f o r k t r u c k R. The d i s t a n c e from t h e 
f a c e o f t h e f o r k s t o t h e c e n t e r o f t h e f o r k t r u c k f r o n t a x l e g v a r i e d t o 
some e x t e n t but no t t o t h e p o i n t where i t cou ld be c o n s i d e r e d s i g n i f i c a n t . 
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The v a r i a t i o n o f t h i s parameter was from 10 t o 15 inches and d i d not 
m a t e r i a l l y a f f e c t t h e computa t ions . The t a b u l a t i o n o f t h e sum o f t h e 
v a r i a b l e s g , R , and d , which i s denoted b y K f o r t h e wide range o f f o r k 
l i f t t r u c k s manufactured , a l l o w e d f o r a grouping o f t h e K v a l u e s In such 
a manner t h a t t h e average v a l u e o f K f o r each s i z e f o r k l i f t t r u c k ( i . e . , 
2 0 0 0 l b . , 3 0 0 0 l b . , 4 0 0 0 l b . , and o t h e r s i z e s s t u d i e d ) v a r i e d o n l y s l i g h t l y 
f o r t h e s i g n i f i c a n t parameters g and R. The v a l u e s s e l e c t e d f o r K t h e r e ­
f o r e r e p r e s e n t t h e a v e r a g e f o r each s i z e g r o u p . The extreme v a l u e s f o r K 
a r e 75" and 1 1 0 " , which t h e a u t h o r found adequate t o handle t h e p a l l e t 
range s t u d i e d . 
Each manufacturer has r a t e d t h e l i f t i n g c a p a c i t y o f s p e c i f i c f o r k 
l i f t t r u c k s and shows t h e s e c a p a c i t i e s on t h e s p e c i f i c a t i o n shee t f o r each 
t r u c k . These r a t i n g s should be taken i n t o c o n s i d e r a t i o n when u s i n g t h e 
t a b l e s f o r t h e v a r i o u s s i z e p a l l e t s s i n c e an i n c r e a s e o r d e c r e a s e in s i z e 
o f p a l l e t w i l l change t h e c a p a c i t y o f t h e f o r k l i f t t r u c k . U s u a l l y t h e 
s tandard r a t i n g i s shown in graph form, i n d i c a t i n g t h e load l e n g t h in 
inches and t h e c a p a c i t y in pounds. A f o r k l i f t t r u c k r a t e d as 3 0 0 0 l b . 
w i th 48" long l o a d , e q u i v a l e n t t o t h e load, c e n t e r 2 4 " out from t h e h e e l 
o f t h e f o r k s , i s a l s o r a t e d as 2 0 0 0 l b . w i th 84" long load and load c e n t e r 
4 2 " out from t h e h e e l o f t h e f o r k s . Other load and load l e n g t h combinat ions 
w i t h i n t h e c a p a c i t y o f t h i s t r u c k a r e shown in t h e m a n u f a c t u r e r ' s s p e c i f i ­
c a t i o n s h e e t . 
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T a b l e l a . F l o o r Space U t i l i z a t i o n E f f i c i e n c y in 
Per Cent f o r Case I a = 0 , c = 0 . 
b = 8 4 " b •= 6 0 " b = 4 8 " 
\ K = 80" K = 1 1 0 " K = 80" K = 1 1 0 " K = 80" K = 1 1 0 " 
1 50.6 46.4 46.1 4l.4 42.9 37-8 
2 67-2 63 . 4 6 3 . 2 5 8 . 5 60.0 54.9 
3 75 .4 72.2 72.0 6 7 - 9 6 9 - 2 64.6 
4 80.4 77-6 77.4 73.8 75.0 70.8 
5 83.7 81.2 8 1 . 1 77.9 78.9 75.2 
6 86.0 83.9 83-7 80.9 81.8 78.5 
7 87.8 85.8 85.7 83.2 84 . 0 81.0 
8 89.1 87.4 87.3 85.0 85.7 82.9 
9 90.2 88.6 88.5 86.4 87.1 84 . 5 
10 9 1 . I 89.6 89.5 87.6 88.2 85.9 
T a b l e l b . Loss in E f f i c i e n c y Expressed as a 
Percentage o f t h e b = 8 4 " , K = 8 0 " 
E f f i c i e n c y f o r Case I a = 0 , c = 0 . 
B = 8 4 " B - 6 0 " B = 4 8 " 
1 50.6 8.3 8 .9 18.2 15.2 25.3 
2 6 7 . 2 5.6 5.9 1 3 . 0 10.7 18 .3 
3 75.4 4.2 4.5 9.9 8.2 14.3 
4 80.4 3.5 3.7 8.2 6.7 1 1 . 9 
5 83.7 3.0 3 . 1 6-9 5.7 10.2 
6 86.0 2.4 2.7 5.9 4.9 8.7 
7 87.8 2.3 2.4 5.2 4.3 7.7 
CO
 
89 .I 1.9 2.0 4.6 3.8 7.0 
9 90.2 1.8 1-9 4.2 3.4 6 .3 
10 9 1 . 1 1.6 1.8 3.8 3.2 5-7 
V a r i a t i o n between v a l u e s o f b and K i s v e r y n e a r l y l i n e a r f o r Case I only.. 
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T a b l e 2 a . F l o o r Space U t i l i z a t i o n E f f i c i e n c y in 
Per Cent f o r Case I I a = 0 , c / 0 . 
b x a = ^ " x 4 0 " b x a = 4 0 " x 4 0 " b x a = 48" x 4 0 " 
K N d / c 0" 5" 10" 2 1 . 2 " 0" 5" 1 0 " 2 4 . 4 " 0 " 5 " 1 0 " 3 1 . 1 " 
1 3 9 « 3 3 9 - 1 3 8 . 9 3 8 . 3 4 1 , 0 4 0 . 5 
2 5 6 . 5 5 5 . 2 5 4 . 2 5 1 . 4 5 8 . 2 56-6 
3 6 6 - 1 6 4 . 0 62 .3 5 8 . 1 6 7 - 6 65-3 
7 5 " 4 7 2 . 2 69-6 6 7 . 3 62 .1 73 . 6 7 0 . 7 
5 76.4 7 3 . 4 7 0 . 7 6 4 . 8 77-7 7 4 . 4 
7 8 2 . 0 7 8 . 3 7 5 . 0 6 8 . 1 8 3 . O 7 9 . 1 
10 8 6 . 6 8 2 . 5 7 8 . 7 7 0 . 9 8 7 . 4 8 3 . 1 
4 0 . 3 39.6 43.8 4 2 . 8 4 2 . 3 4 0 . 4 
55-5 5 2 . 2 61.0 5 8 . 9 57-3 5 1 . 8 
63.4 58.4 7 0 . 1 67.3 65.0 57-1 
6 8 . 3 62.1 7 5 . 7 7 2 . 4 69-7 60.2 
71 . 6 64.5 79.6 75.9 7 2 . 8 62.3 
75.8 67-6 84.5 80 . 4 76.8 64.8 
79.3 7 0 . 1 88.6 84.1 80.1 66.8 
K N d / c 0" 5" 10" 2 3 . 0 " 0" 5" 1 0 " 2 6 . 2 " 0 " 5 " 1 0 " 3 3 - 5 ' 
1 38 .3 3 7 . 8 3 7 . 6 36 .8 4 0 . 0 3 9 . 2 3 8 . 9 3 7 . 7 42 .9 41 .7 41 .0 3 8 . 5 
2 5 5 . ^ 5 3 . 9 5 2 . 8 4 9 . 9 5 7 - 1 5 5 - 4 5 4 . 1 5 0 . 2 6 0 . 0 5 7 . 8 56.1 4 9 . 8 
8 0 " 3 65 .1 62 .9 61 .1 56 .7 6 6 - 7 6 4 . 2 6 2 . 2 56.5 69-2 6 6 - 3 6 4 . 0 5 5 - 3 
4 7 1 - 3 6 8 . 6 6 6 . 3 60 .8 7 2 . 7 69 -7 67-3 6 O . 3 7 5 . 0 7 1 . 6 6 8 . 8 5 8 . 4 
5 7 5 . 6 7 2 . 5 69-8 63 .5 76-9 7 5 - 5 7 0 . 9 62 .8 7 8 . 9 7 5 . 2 7 2 . 1 6 O . 5 
7 81.3 7 7 - 6 7 4 . 4 67-0 8 2 . 4 7 8 . 4 7 5 . I 65-9 84 .0 7 9 . 8 76 .2 63 .1 
10 8 6 . 1 8 2 . 0 7 8 . 2 69 .9 8 7 . O 8 2 . 6 7 8 . 8 6 8 . 5 8 8 . 2 8 3 . 6 7 9 . 6 65 .2 
K N d / c 0" 5" 10" 2 3 . 0 " 0" 5" 10" 2 6 . 2 " 0 " 5 " 1 0 " 3 3 . f 1 37.3 36.7 36.5 3 5 . 6 3 9 . 0 3 8 . 2 3 7 * 9 36.5 4 1 . 9 4 0 . 7 4 0 . 0 37-5 
2 54 . 3 5 2 . 8 5 1 . 8 48 .8 56.1 5 4 . 4 5 3 . 1 4 9 . 2 5 9 . 1 56 .9 5 5 - 2 48 .9 
3 64 .1 6 1 . 9 60 .1 5 5 . 7 65 .8 63.3 6 1 . 3 5 5 - 6 6 8 . 4 65-5 63 .2 5 4 . 5 
8 5 " 4 7 0 . 4 67-7 65-4 60 .0 7 1 . 9 6 8 . 9 6 6 . 5 5 9 - 5 7 4 . 3 7 0 . 9 6 8 . 1 5 7 - 8 
5 74 .8 7 1 . 7 69 .1 62 .8 76-2 7 2 . 8 8 0 . 0 6 2 . 1 7 8 . 3 7 4 . 6 7 1 - 5 6 0 . 0 
7 8 0 . 6 76-9 7 3 . 8 6 6 . 5 8 1 . 8 7 7 . 8 7 4 . 5 65 .4 8 3 . 5 7 9 - 3 7 5 - 7 6 2 . 7 
10 8 5 . 6 8 1 . 4 7 7 . 7 69-5 86-5 8 2 . 1 7 8 . 3 6 8 . 1 8 7 . 8 8 3 . 2 7 9 . 2 6 4 . 9 
K N d / c 0" 5" 1 0 " 2 1 . 3 " 0" 5" 10" 2 4 . 5 " 0" 5 " 1 0 " 2 7 . 0 " 
1 36-4 56-1 3 5 . 8 3 5 . 1 3 8 . 1 3 7 . 4 3 7 - 1 36 .0 4 1 . 0 4o . i 3 9 . 1 38.6 
2 53.3 5 2 . 1 5 1 . 0 48.6 55 .2 53 . 6 52 . 4 4 9 . O 58.2 56 .2 54.3 5 0 . 9 
3 63.2 6 1 . 2 59.5 55.7 64.9 62.6 6 0 . 7 55.7 67-6 64.9 62.4 57.0 
9 0 " 4 69.6 67-1 64.8 60.2 7 1 . 1 68.3 65-9 59.8 73-6 70 .4 67.4 60.6 
5 74.1 7 1 . 2 6 8 . 5 63.2 75.5 72 . 2 69.5 
74.1 
62.5 77.7 74.1 7 0 . 8 63.0 
7 8 0 . 0 76.5 7 3 . 3 67.0 8 1 . 2 77.4 66.0 8 3 . O 78.9 75.1 65-9 
10 8 5 . I 8 1 . 1 11* 7 0 . 2 86.0 
8 1 . 7 78.0 68.8 87.4 8 2 . 9 78.8 68,4 
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T a b l e 2a ( C o n t i n u e d ) 
K N d / c 
b x a = 3 6 " x 4 0 " b x a = 4o" x 4 0 " b x a = 48" x 4o" 
0 " 5 " 1 0 " 2 1 . 3 " 0 " 5 " 1 0 " 2 4 . 5 " 0 " 5 " 10 " 2 7 . 0 " 
1 3 5 - 5 3 5 - 1 34 .8 3 4 . 0 3 7 . 2 3 6 . 5 3 6 - 2 3 5 . 0 4 0 . 2 3 9 - 2 3 8 . 2 3 7 . 6 
2 5 2 . 4 5 1 . 1 5 0 . 0 47 -6 5 4 . 2 5 2 . 6 5 1 . 4 48.0 57 .3 5 5 . 4 5 3 . 4 5 0 . 0 
3 6 2 . 2 6 0 . 3 5 8 . 6 5 4 . 9 6 4 . 0 6 1 . 7 5 9 . 8 5 4 . 8 6 6 . 8 6 4 . 2 6 1 . 6 5 6 - 2 
95 6 8 . 7 6 6 . 2 6 4 . 0 5 9 . 4 70 .3 6 7 - 5 6 5 . 2 5 9 . 0 7 2 . 9 6 9 . 7 6 6 . 7 5 9 - 9 
5 73 -3 7 0 . 4 6 7 - 8 6 2 . 5 7 4 . 8 7 1 . 6 6 8 . 8 6 1 . 9 7 7 . 0 73-5 7 0 . 2 6 2 . 3 
7 7 9 - 4 7 5 . 9 7 2 . 7 6 6 . 4 8 0 . 6 7 6 . 8 73 -6 65 -5 82 .5 7 8 . 4 7 4 . 7 6 5 - 5 
10 84.6 8 0 . 5 7 6 . 9 6 9 - 8 85 .6 8 1 . 3 7 7 . 6 6 8 . 4 87.O 8 2 . 6 7 8 . 4 6 8 . 0 
K 0 * 5 " 1 0 " 2 0 . 4 " 0 " 5 " 1 0 " 2 2 . 5 " 0 " 5 " 1 0 " 2 8 . e r 
1 3 4 . 6 3 4 . 2 3 4 . 0 3 3 . 4 3 6 . 3 3 5 . 8 3 5 . 4 3 4 . 7 3 9 . 3 3 8 . 5 3 7 . 8 3 6 . 0 ' 
2 5 1 . 4 5 0 . 2 4 9 . 2 4 7 . 0 5 3 . 3 5 1 . 8 5 0 . 7 4 8 . 0 5 6 . 5 5 4 . 6 5 3 . 0 4 8 . 3 
3 6 1 . 4 5 9 . 4 58 .5 5 4 . 5 6 3 . 2 6 1 . 0 5 9 . 1 5 5 . 1 6 6 . 1 6 3 . 5 6 1 . 3 5 4 . 6 
100" 4 6 8 . 1 6 5 . 5 6 3 . 3 5 9 . 1 6 9 . 6 6 6 . 9 6 4 . 5 59 -5 7 2 . 2 6 9 . 1 6 6 . 4 5 8 . 3 
5 7 2 . 6 6 9 . 7 6 7 . 2 6 2 . 4 7 4 . 1 7 1 . 0 6 8 . 3 6 2 . 4 7 6 . 4 7 3 . 0 7 0 . 0 6 0 . 9 
7 7 8 . 8 7 5 . 3 7 2 . 2 6 6 . 5 8 0 . 0 7 6 . 3 7 3 . 1 6 6 . 2 8 2 . 0 7 8 . 0 74 .5 6 4 . 0 
10 8 4 . 1 8 0 . 1 76-5 7 0 . 0 8 5 . 1 8 0 . 9 7 7 . 2 6 9 . 4 8 6 . 6 8 2 . 2 78 .3 6 6 . 6 
K N d / c 0 " 5 " 1 0 " 2 0 . 4 " 0 " 5 " 1 0 " 2 2 . 5 " 0 " 5 " 1 0 " 2 8 . 8 1 
1 3 3 . 0 3 2 . 6 3 2 . 3 3 1 . 5 3 4 . 8 3 4 . 2 3 3 . 7 5 2 . 9 3 7 - 8 3 6 - 9 3 6 . 2 3 4 . 3 
2 4 9 . 7 4 8 . 4 4 7 . 4 4 5 . 2 5 1 . 6 5 0 . 1 4 8 . 9 46 -3 5 4 . 9 5 3 - 0 5 1 . 4 4 6 - 7 
3 5 9 . 7 5 7 . 7 5 6 . 1 5 2 . 8 6 1 . 5 5 9 . 4 5 7 . 5 5 3 . 5 6 4 . 6 6 2 . 1 5 9 - 8 5 3 - 2 
110" 4 6 6 . 4 6 3 - 9 6 1 . 8 5 7 - 7 6 8 . 1 6 5 - 4 6 3 . 1 5 8 . 1 7 0 . 8 6 7 - 8 6 5 - 2 5 7 . 2 
5 7 1 . 1 6 8 . 3 6 5 . 8 6 1 - 0 7 2 . 7 6 9 - 7 6 7 - 0 6 1 . 2 7 5 - 2 7 1 . 8 6 8 . 8 5 9 - 8 
7 7 7 . 5 7 4 . 1 7 1 - 1 6 5 . 4 7 8 . 9 7 5 . 2 7 2 . 1 6 5 - 2 8 1 . 0 7 7 - 1 73 -6 6 3 - 2 
10 8 3 . I 7 9 . 2 . 7 5 . 6 6 9 » l 8 4 . 2 8 0 . 1 7 6 . 4 6 8 . 6 8 5 . 9 8 1 . 5 77 -6 6 6 - 0 
T a b l e 2b. Loss in E f f i c i e n c y Expressed a s a 
Percentage o f t h e c = 0 E f f i c i e n c y 
f o r Case I I a = 0, c / 0. 
K N, /c d 
b x a = 36" x 40" b x a = 40" x 40" b x a = 48" x 40" 
0" 5" 1 0 " 2 1 . 2 " 0" 5" 1 0 " 24.4" 0" 5" 10" 3 1 . r 
1 39-3 • 5 1.0 2.6 4i.o 1.2 1.7 3.4 43.8 2.3 3.4 7.8 
2 56-5 2.3 4 . 1 9.0 58.2 2.8 4.6 10.3 61 .0 3.5 6-1 1 5 . 1 
75" 3 66-1 3-2 5.8 12 .2 67-6 3.4 6-2 13.6 70.0 4.0 7-3 18.6 
72.2 3-6 6.8 14.0 73-6 4.0 7-2 15.6 75.7 4.4 7.9 20.5 
5 82.O 4.5 8.5 15 .2 83.O 4.7 8.7 18.6 84.5 4.9 9.1 23.3 
7 82.0 4.5 8.5 17.0 83.O 4.7 8.7 18.6 84.5 4.9 9.1 23.3 
10 86.6 4.7 9-1 1 8 . 1 87.4 4.9 9.5 19.8 88.6 5 . 1 9.6 24.6 
K N , / e d 0" 5" 1 0 " 23.0 0" 5" 10" 26.2" 0" 5" 10" 33.3
M 
1 38.3 1.3 1.8 3.9 4o.o 2.0 2.8 5.8 42.9 2.8 4.4 10.3 
2 55.4 2.7 4.7 9.9 5 7 . 1 3.0 5.3 1 2 . 1 60.0 3.7 6-5 17.O 
3 65-1 3.4 6.2 12.9 66-7 3.8 6.8 15.3 69-2 4.2 7.5 20.1 
80" 4 71 .3 3.8 7.0 14.7 72.7 4 . 1 7.4 1 7 . 1 75.0 4.5 8.3 22 .1 
5 75-6 4 . 1 7.7 16.0 76-9 4.4 8.1 18.5 78.9 4.7 8.6 23.3 
7 81.3 4.6 8.5 17.6 82.4 4.9 8.9 20.0 84.0 5.0 9.3 24.9 
10 86.1 4.8 9 . 2 18.8 87.0 5 . 1 9.4 21 .3 88.2 5.2 9.8 26.1 
K N d / c 0" 5" 10" 23.0" 0" 5" 10" 26.2" 0" 5" 10" 33 . T 
1 37-3 1.6 2.2 4.6 39.0 2 . 1 2.8 6.4 41.9 2.9 4.5 10.5 
2 54.3 2.8 4 »6 1 0 , 1 56.1 3.0 5.4 12.3 59.1 5.7 6.6 17.3 
3 64.1 5.4 6,3 1 3 . 1 65.8 4 . 1 6.8 15.5 68.4 4.2 7,6 20,3 
85" 4 70.4 3.8 7 . 1 14.8 71.9 4.2 7.5 17.3 74.3 4.6 8.4 22.2 
5 74.8 4.2 7-6 1 6 . 1 76.2 4.5 8.1 I8.5 78.3 4»7 8.7 23.4 
7 80.6 4.6 8.4 17.5 81.8 4.9 8.9 20.1 83.5 5.0 9.4 24.9 
10 85.6 4.9 9.2 18.8 86.5 5 . 1 9.5 21 .3 87.8 5.2 9.8 26.1 
K N d / c 0" 5" 10" 2 1 . 3 " 0" 5" 10" 24.5" 0" 5" 10" 27.0 
1 36-4 .8 1.7 3-6 3 8 . 1 1.8 2.6 . 5.5 4i.o 2.2 4.6 5.9 
2 53.5 2.3 4.3 8.8 55.2 2.9 5 . 1 1 1 . 2 58.2 3.4 6.7 12.6 
3 63-2 3.2 5.9 1 1 . 9 64.9 5.6 6-5 14.2 67-6 4.0 7.7 15 .7 
90" 4 69-6 3-6 6-9 1 3 . 5 7 1 . 1 3.9 7.3 15.9 73.6 4.4 8.4 17 .7 
5 J 4 . 1 3.9 7-6 14.7 75.5 4.4 8.0 17 .2 77.7 4.6 8.9 18.9 
7 80.0 4.4 8.4 16.3 81.2 4.7 8.8 18.7 83*0 4.9 9.5 20.6 
10 85 . I 4.7 9 .1 17.5 86.0 5.0 9.3 20.0 87.4 5.2 9.8 21 .7 
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Table 2 B (Cont inued) 
K Nd/c 
b x a = 36" x 4 0 " b x a = 4 0 " x 4 0 " b x a -- 48" x 4 0 " 
0" 5" 10" 2 1 . 3 " 0" 5 " 1 0 " 24.5" 0" 5" 1 0 " 2 7 . O " 
1 3 5 - 5 l . i 2 . 0 4 . 2 3 7 . 2 1 . 9 2 . 7 5 . 9 4 0 . 2 2 . 5 5 . 0 6-5 
2 5 2 . 4 2 . 5 4 . 6 9 - 2 5 4 . 2 3 . 0 5 . 2 1 1 . 4 5 7 . 3 3.3 6 . 8 1 2 . 7 
3 6 2 . 2 3 . 1 5 - 8 1 1 . 7 6 4 . 0 3 - 6 6 . 6 14.4 6 6 . 8 3 . 9 7 . 8 1 5 . 9 
9 5 " 4 6 8 . 7 3 - 6 6 - 9 1 3 - 5 7 0 . 3 4 . 0 7 . 3 16 -1 7 2 . 9 4 . 4 8 . 5 1 7 . 8 
5 7 3 . 3 4 . 0 7 -5 1 4 . 7 7 4 . 8 4 . 3 8 . 0 1 7 . 3 7 7 . O 4 . 6 8 . 8 1 9 . 1 
7 7 9 - 4 4 . 4 8 . 4 1 6 . 4 8 0 . 6 4 . 7 8 . 7 1 8 . 7 8 2 . 5 5 . 0 9 . 5 2 0 . 6 
10 8 4 . 6 4 . 9 9 . 1 1 7 . 5 8 5 - 6 5 . 0 9 . 4 2 0 . 1 8 7 . O 5 . 1 9 . 9 2 1 . 8 
K Nd/c 0 " 5 * 1 0 " 2 0 . 4 " 0 " 5 N 1 0 " 2 2 . 5 " 0" 5 " 10" 2 8 . 8 " 
1 3 4 . 6 1 . 2 •1 .7 5 6 - 3 1 .4 2 . 5 4 . 4 •39.3 2 . 0 3 . 8 8 . 4 
2 5 1 . 4 2 . 3 • 4 . 3 8.^5 5 3 . 3 2 . 8 4 . 9 1 0 . 2 5 6 . 5 3 . 4 6 . 2 1 4 . 5 
3 6 1 . 4 3^3 ^4.7 11..2 6 5 . 2 5 . 5 6 . 5 1 2 . 8 6 6 . 1 3 . 9 7 . 3 1 7 . 4 
1 0 0 " 4 6 8 . 1 3. .6 7 . 1 1 3 . 2 6 9 - 6 5 . 9 7 . 3 1 4 . 5 7 2 . 2 4 . 3 8 . 0 1 9 . 3 
5 7 2 . 6 •JuQ 7 . 4 1 4 . 1 7 4 . 1 4 . 2 7 . 8 1 5 . 8 7 6 . 4 4 . 5 8 . 4 2 0 . 3 
7 7 8 . 8 «M 8 . 4 1 5 . 6 8 0 . 0 4 . 6 8 . 6 1 7 . 3 8 2 . 0 4 . 9 9 . 2 2 2 . 0 10 8 4 . 1 4 . 8 9 . 0 1 6 . 8 8 5 . 1 4 . 9 9 . 3 1 8 . 5 8 6 - 6 5 . 1 9 - 6 2 3 . 1 
K Nd/c 0" 5" 1 0 " 2 0 . 4 " 0" 5" 1 0 " 2 2 . 5 " 0 " 5 " 1 0 " 2 8 . 8 " 
1 5 3 . 0 1 .2 2 . 1 4 . 6 3 4 . 8 1 . 7 3 . 2 5 . 5 3 7 . 8 2 . 4 4 . 2 9 . 3 
2 4 9 . 7 2 . 6 4 . 6 9 . 1 5 1 . 6 2 .9 5 . 2 1 0 . 3 5 4 . 9 3 . 5 6 . 4 1 4 . 9 
3 4 9 . 7 3 . 4 6 . 0 1 1 . 6 6 1 . 5 3 . 4 6 - 5 1 3 . 0 6 4 . 6 3 . 9 7 . 4 1 7 . 7 
1 1 0 " 4 6 6 . 4 3 . 8 6 - 9 1 3 . I 6 8 . 1 4 . 0 8 . 4 1 4 . 7 7 0 . 8 4 . 2 7 . 9 1 9 - 2 
5 7 1 . 1 3 . 9 7 . 5 1 4 . 2 7 2 . 7 4 . 1 7 . 9 1 5 . 8 7 5 - 2 4 . 5 8 . 5 2 0 . 5 
7 7 7 . 5 4 . 4 8 . 3 1 5 . 6 7 8 . 9 4 . 7 8 . 6 1 7 . 4 8 1 . 0 4 . 8 9 . 1 2 2 . 0 
10 8 3 . 1 4 . 7 9 . 0 1 6 . 9 84.2 4 . 9 9 - 3 1 8 . 5 8 5 . 9 5 . 1 9 - 7 2 3 . 2 
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T a b l e 3a. F l o o r Space U t i l i z a t i o n E f f i c i e n c y in 
Per Cent f o r Case I I I a ^ 0 , c = 0 , 
N = 100. 
w 
b x a = 48" x 40", K - 80" b x a = 48" x 40", K = 1 1 0 " 
N d / a 0° 10° 20° 30° 40° 50.2° 0° 10° 20° 30° 40° 50.2° 
1 42.9 42.6 4 l .9 40.8 39.0 36.8 37.8 37-5 36.8 35-6 34.0 32.0 
2 60.5 59-6 58.8 57-6 55-8 53-6 54.8 54.4 53-6 52.2 50.5 48.2 
3 69-2 68.6 67-8 66-6 65-0 62.9 64.6 64.0 63 -1 61-7 60.0 57.9 
4 75.0 74.3 73.3 72.1 70.6 68.8 70.8 70.1 69»1 67.7 66.1 64.2 
5 78.9 78.0 77.0 75.8 74.4 72.8 75.2 74.5 7 3 . 2 . 7 l « 9 70.3 68.6 
7 84.0 82.7 81.4 8O.2 78.9 77-6 80.9 79.7 78.4 76.9 76-9 74.1 
10 88.2 86.4 84.7 83.3 82.0 8 1 . 1 85.9 84 . 1 82.3 80.8 79-4 78.3 
b x a = 6 0 " x 40". K = 80" b x a = 6 0 " x 40". K = 1 1 0 " 
N d / a 0° 10° 20° 30° 40° 56*3° 0° 10° 20° 30° 40° 56-3° 
1 46 . 1 45.9 45.2 44.1 42.5 38.3 41.4 4 l . l 40.4 39.2 37-7 34.2 
2 63 .2 67-7 61.9 60.8 59.2 55-0 58.5 58.0 57.2 55.9 54.3 50.6 
3 72.0 71 .3 70.4 69-3 67-8 64.2 67-9 67 .2 66-3 65-0 63.4 60.1 
4 77.4 76-5 75-5 74.3 73.0 69-9 73.8 73.0 71 .9 70.6 69 -1 66.2 
5 8 l . l 80.0 78.8 77-6 76-5 73-6 77-9 76-8 75-6 74.2 72.8 70.3 
7 85.7 84 .1 82.7 81.3 80.1 78.1 8 3 . 2 . 8 1 . 6 80.1 78.6 77.3 75.4 
10 89.5 87.3 85.3 83.6 82.4 8 1 . 1 87.6 8 5 . 3 . 8 3 . 3 81.6 80.3 79.0 
b x a = 84" x 40". K = 80" b x a = 84" x 40", K = 1 1 0 " 
N d / a 0° 10° 20° 30° 40° 65-4° 0° 10° 20° 30° 40° 65-4° 
1 50.6 50.3 49.6 48.7 47.3 44.8 46.4 46-1 45-4 44.3 42-9 40.8 
2 67-2 66-7 65-9 64.9 63.6 61.4 63.4 62.8 62.0 60.9 59-5 57-6 
3 75.4 74.7 73.8 72.8 71.6 69-8 72.2 71 .5 70.5 69-4 68.0 66.4 
4 80.4 79.4 78.4 77.3 76-2 74.8 77-6 76-6 75-6 74.4 7 3 . 1 71 .8 
5 83.7 82.5 81.3 80.2 79.1 77.9 81 .2 80.0 78.8 77-6 76-4 75-3 
7 87.8 86.1 84.6 83.3 82.3 81.5 85.8 84.2 82.6 81 .2 80.1 79.4 
10 9 1 . 1 88.7 86-7 8 5 . I 84.0 83.7 89.6 78.3 85.2 83.5 82.4 82.1 
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Table 3 B . Loss in Eff ic iency Expressed as a 
Percentage of the a ~ 0 Eff ic iency 
For Case I I I a 4 0, c = 0 , N = 1 0 0 . 
b x a = 48" x 4 0 " , K = 8 0 " b x a = 48' x 4 0 " , K = 1 1 0 " 
1 0 ° 2 0 ° 3 0 ° 4 0 ° 5 0 . 2 ° 0 ° 1 0 ° 2 0 ° 30° 4 O Q 5 0 . 2 ° 
1 4 2 . 9 - 7 2 . 3 4 . 9 9 . 1 1 4 . 2 3 7 - 8 . 8 2 . 7 5 . 8 1 0 . 1 1 5 . 4 
2 6 0 . 0 . 7 2 . 0 4 . 0 7 . 0 1 0 . 7 5 4 . 8 -T 2 . 2 4 . 8 7 . 9 1 2 . 1 
3 69 -2 • 9 2 . 0 3 . 8 6 1 9 . 1 6 4 . 6 .9 2 . 3 4 . 5 7 . 1 1 0 . 4 
4 7 5 - 0 • 9 2 . 3 3 - 9 5 - 9 8 . 3 7 0 . 8 1 . 0 2 . 4 4 . 4 6 - 6 9 . 3 
5 7 8 . 9 1 . 2 2 . 4 3 - 9 5 . 7 7 . 7 7 5 . 2 1 .2 2 . 7 4 . 4 6 . 5 8 . 8 
7 84 .0 1.6 3 . 1 4 . 5 6-1 7 . 6 8 0 . 9 1.5 3 . 1 5 . 0 5 . 0 8 . 4 
10 8 8 . 2 2 . 1 4 . 0 5 - 6 7 . 0 8 . 1 8 5 . 9 2 . 1 4 . 2 5 - 9 7 . 6 8 . 9 
b x a = 6 0 " x 4 0 " , K = 8 0 ' b x a = 6 0 " x 4 0 " , K = 1 1 0 " 
N d/a 0 ° 10° 2 0 ° 3 0 ° 4 O ° 56.3° 0° 1 0 ° 2 0 ° 3 0 ° 4 0 ° 56 .3° 
1 46.1 .4 2 . 0 4.3 7 . 8 1 6 . 9 41 . 4 •7 2 .4 5 . 3 8 .9 1 7 . 4 
2 63 .2 .8 2 . 1 3.8 6-3 1 3 . 0 58.5 . 9 2 . 2 4.4 7 . 2 13 .5 
3 7 2 . O 1 . 0 2 . 2 3.8 5.8 10 . 8 67-9 1 . 0 2 . 4 4.3 6«6 11..5 
4 77.4 1 .2 2 . 5 4 . 0 5.7 9 . 7 73-8 1.1 2 .6 4.3 6.4 1 0 . 3 
5 81.1 1 .4 2 . 8 4.3 5 .9 9 .3 77.9 1.4 3 . 0 4.7 6.6 9 . 8 
7 85.7 1 .9 3.5 5 .1 6.5 8 .9 8 3 . 2 1 . 9 3 . 7 5-5 7 . 1 9 .4 
10 8 9 . 5 2 .5 4.7 6»6 7 .9 9 .4 87-6 2 06 4 . 9 6.8 8 . 3 9 . 8 
b x a - 84" x 4 0 " , K = 80 b x a - 84" x 4 O " , K - 11.0" 
0° 10° 2 0 ° 3 0 ° 4o° 65-4° 0° 10° 2 0 ° 3 0 ° 4o° 65»4 
1 50 . 6 .6 2 . 0 3 - 8 6-5 11 „ 5 46.4 - 7 2 . 2 4 . 5 7-6 1 2 . 1 
2 67-2 . 8 1-9 3 -4 5-4 8 .6 63-4 1 . 0 2 . 2 4 . 0 6 - 2 9 - 2 
3 75 . 4 •9 2 . 1 3 - 5 5 . 0 7-4 7 2 . 2 1 .0 2 .4 3 - 9 5 - 8 8 . 0 
4 80 . 4 1-3 2 . 5 3 - 9 5 . 2 7 . 0 77 -6 1.3 2 .6 4 .1 5 . 8 7 -5 
5 8 3 . 7 1 .4 2 - 9 4 . 2 5 - 5 6 -9 8 1 . 2 1-5 3*0 4.4 5 - 9 7-3 
7 8 7 . 8 1 -9 3 - 7 5 -1 6-3 7 - 2 8 5 - 8 1 -9 3 - 7 5-4 6 -7 7-5 
10 9 1 . 1 2 . 6 4 . 8 6-6 7 . 8 8 . 1 89 -6 2 . 6 4 - 9 6 - 8 8 . 0 
CO 
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T a b l e 4 . A i s l e Width ( I n c h e s ) 
Case I a = 0 , c = 0 
b x a / K 7 5 * 8 0 " 8 5 " 9 0 " 9 5 " 1 0 0 " 1 1 0 " 
48" x 40" 123 128 133 1 3 8 . 143 148 158 
6 0 " x 4 0 * 135 140 145 150 155 160 170 
84* x 4 0 " 159 164 169 174 179 184 194 
Case I I a = 0 , c =f 0 
K/c 0 " 5 " 1 0 " ... ^Max 0 " 5 * 1 0 " Max 0 " 5 * 1 0 " Max 
7 5 " 111 1 0 1 . 5 9 1 . 6 75 115 1 0 6 . 0 96 .4 75 123 1 1 4 . 9 1 0 5 . 7 75 
8 0 " 116 1 0 7 . 4 9 8 . 3 8 0 120 1 1 2 . 0 1 0 2 . 8 80 128 1 2 0 . 7 1 1 2 . 1 80 
8 5 " 121 1 1 2 . 4 1 0 3 . 3 85 125 1 1 7 . 0 1 0 7 . 8 85 133 1 2 5 . 7 1 1 7 . 1 85 
9 0 " 126 1 1 5 . 9 1 0 6 . 9 9 0 130 1 2 1 . 0 1 1 1 . 5 9 0 138 1 2 9 . 3 1 2 2 . 4 90 
9 5 " 131 1 2 0 . 9 1 1 1 . 9 95 135 1 2 6 . 0 116.5 95 1^3 , 1 3 4 . 3 1 2 7 . 4 95 
1 0 0 " 136 1 2 6 - 0 1 2 6 - 0 100 140 1 3 0 . 4 1 2 0 . 7 100 148 1 5 8 . 7 1 2 9 . 9 100 
1 1 0 M : 146 1 3 6 . 0 1 2 6 - 0 110 150 1 4 0 . 4 1 3 0 . 7 110 158 1 4 8 . 7 1 3 9 . 9 110 
Case I I I CLJ= 0 , c = 0 
b x a / a 10° 2 0 ° 3 0 ° Max. 10° 2 0 ° 3 0 ° Max. 
48M x 40" 1 1 3 . 2 96-9 7 9 . 8 66.0 1 4 5 . 2 1 2 6 . 8 109.6 9 9 - 7 
60" x 4 0 " 125 .O 1 0 8 . 2 9 0 . 2 6 4 . 9 1 5 5 - 0 1 3 8 . 1 1 2 0 . 0 1 0 1 . 0 
84" x 4o" 148 . 6 1 5 0 . 8 l l l .o 6 4 . 8 1 7 8 . 6 1 6 0 . 7 1 4 0 . 7 1 0 0 . 9 
Note: Column headings for Case I I from 0" to Max read from l e f t to r igh t 
as b x a equals 36" x u0», U0» x U0«», and U8» x U0". 
Column headings for Case I I I from 10° to Max read from l e f t to 
r igh t as K = 80" and K = 110", 
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CHAPTER IV 
DISCUSSION OF RESUITS 
In general we can conclude that as c and a increase the e f f i c i ent 
use of warehouse space decreases. The optimum for these two parameters is 
when c B .0, o a Oi I t must be s ta ted , however, that under actual opera­
t ing conditions the parameter c can never equal zero since no fork l i f t 
operator is prof ic ient enough to place or withdraw pal le t s from storage 
without a minimum clearance between them. This does not mean ineff ic iency 
is to be condoned in the performance of operators, for i f th i s s i tuat ion 
ex i s t s more warehouse space than is necessary w i l l be used result ing in an 
increase in building cost . I t is the respons ib i l i ty of the engineer to 
ins i s t that fork l i f t operators be s u f f i c i e n t l y prof ic ient in maneuvering 
the truck to allow the spacing of pa l l e t s in the storage area with a 
minimum clearance for maximum e f f i c i en t use o f the space a l l o t e d . For 
prac t i ca l purposes, i t is poss ible to allow up to 5" l a t e r a l clearance 
between^pallets without an excessive loss in space e f f ic iency . 
I t i s evident that very l i t t l e is to be gained in e f f ic iency by 
placing pa l l e t s in storage deeper than N^ «= 5- Investigation of the tables 
indicate that the increase in e f f ic iency f a l l s o f f sharply a f ter the f i f t h 
pa l l e t and continues to f a l l o f f the deeper the pa l l e t s are placed in the 
storage area. The f i r s t f ive pa l l e t s in depth produce an average increase 
in e f f ic iency of kOf> while the next f ive in depth, to a t o t a l of ten pa l ­
l e t s in depth, produce an average addit ional increase in e f f ic iency of only 
36 
1 0 $ . I f a l a r g e number o f d i f f e r e n t i tems a r e t o be p l a c e d in t h e s t o r a g e 
a r e a , i t would be more p r a c t i c a l t o l i m i t ' t h e depth o f s t o r a g e t o f i v e 
p a l l e t s t o t a k e advantage o f t h e maximum e f f i c i e n t use o f t h e space f o r 
a l l i t e m s . One o t h e r f a c t o r a f f e c t i n g t h e use o f t h e s t o r a g e a r e a i s t h e 
l e n g t h o f t ime t h e i t em i s t o remain i n t h e s t o r a g e a r e a b e f o r e w i t h d r a w a l . 
Any i t em which has a long s t o r a g e c y c l e , b e f o r e b e i n g c o m p l e t e l y d e p l e t e d , 
d e c r e a s e s t h e e f f i c i e n t use o f t h e space i f p l a c e d i n t h e s t o r a g e a r e a wi th 
a l a r g e a n d , s i n c e t h e space o c c u p i e d b y t h e p a l l e t s cannot be used f o r 
o t h e r i t e m s , i t w i l l remain vacant f o r e x c e s s i v e p e r i o d s o f t i m e . In c a s e s 
such a s t h i s , i t may be p r e f e r a b l e t o use m u l t i p l e s t o r a g e p o s i t i o n s o f 
• s m a l l e r d e p t h . 
I f t h e m a t e r i a l t o be p l a c e d on t h e p a l l e t i s b u l k y and l i g h t ­
w e i g h t , t h e e n g i n e e r w i l l do w e l l t o use as l a r g e a p a l l e t as i s p r a c t i c a l . 
A 3000 l b . f o r k l i f t t r u c k w i t h a 2k" l oad c e n t e r a l s o has a c a p a c i t y o f 
2000 l b . w i th a l oad c e n t e r o f 32" . The t a b l e s i n d i c a t e t h a t t h e l a r g e r 
t h e parameter b , t h e g r e a t e r t h e e f f i c i e n c y o f space u t i l i z a t i o n . I t i s 
a l s o e v i d e n t t h a t t h e s m a l l e r t h e v a l u e o f K, t h e g r e a t e r i s t h e e f f i c i e n c y . 
I t can be c o n c l u d e d , from t h e s e f a c t s , t h a t t h e p a l l e t shou ld be a s l a r g e 
a s p o s s i b l e and t h e f o r k t r u c k a s s m a l l a s t h e r a t e d c a p a c i t y w i l l a l l o w 
t o l i f t t h e l o a d . 
In a l l i n s t a n c e s where a = 0, t h e e f f i c i e n c y i s independent o f t h e 
parameters a and N^. T h i s i n d i c a t e s t h a t t h e p a l l e t may be as wide o r as 
narrow a s i s e x p e d i e n t , s u b j e c t t o t h e c o n s t r a i n t t h a t a < D - d , and n o t 
a f f e c t t h e e f f i c i e n c y . T h i s f a c t can be o f g r e a t v a l u e i f a l a r g e number 
o f i tems a r e t o b e s t o r e d i n an a r e a w i t h a l i m i t e d a i s l e l e n g t h . I t may 
be d e s i r a b l e t o make t h e p a l l e t s narrow in o r d e r t o i n s u r e t h a t each i t em 
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has a f a c i n g on t h e a i s l e . T h i s l a t i t u d e i s o f p a r t i c u l a r v a l u e s i n c e 
most l a y o u t work i s undertaken on e x i s t i n g b u i l d i n g s and t h e e n g i n e e r i s 
l i m i t e d t o work w i t h i n t h e d imens ions o f t h e b u i l d i n g and column s p a c i n g . 
When a ^ 0 , a l l t h e parameters have an e f f e c t on t h e e f f i c i e n c y 
a l t h o u g h some a f f e c t i t more than o t h e r s . The l a r g e r t h e v a l u e o f a , 
t h e g r e a t e r e f f e c t t h e parameter has on e f f i c i e n c y . I f a i s maximum 
f o r a g i v e n p a l l e t , we s e e immedia te ly t h a t t h e l o s s in e f f i c i e n c y in a l l 
t h e t a b l e s i s a p p r o x i m a t e l y 1 0 $ , when = 1 0 , I f added t o t h i s i s t h e 
l o s s s u s t a i n e d when c i s maximum, t h e l o s s in e f f i c i e n c y i s so g r e a t t h e 
c o n d i t i o n can n o t b e c o n s i d e r e d under any c i r c u m s t a n c e . 
The v a l u e o f t h e t a b l e s i s t h a t they a l l o w t h e e n g i n e e r t o make 
t h i s c h o i c e w i thout p r o c e e d i n g wi th t ime consuming c a l c u l a t i o n s t o a r r i v e 
a t a d e c i s i o n as t o p a l l e t s i z e , f o r k t r u c k s p e c i f i c a t i o n s , a n g l e o f p l a c e ­
ment , and l a t e r a l c l e a r a n c e between p a l l e t s . S i n c e t h i s s t u d y covers t h e 
p r a c t i c a l range o f warehouse p a l l e t and f o r k t r u c k equipment , i t should be 
p o s s i b l e t o make most d e c i s i o n s r e g a r d i n g t h e l a y o u t by s e l e c t i n g the v a l u e s 
in t h e t a b l e s t h a t a l l o w maximum e f f i c i e n c y f o r the area under study., How­
e v e r , t h e e n g i n e e r must remember t h a t no c o n s i d e r a t i o n has been g i v e n t o 
t h e e f f e c t p a l l e t p lacement may have on l a b o r . T h i s f a c t o r shou ld be 
weighed c a r e f u l l y b e f o r e d e c i d i n g which l a y o u t w i l l produce t h e maximum 
warehouse o p e r a t i n g e f f i c i e n c y . 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
The e q u a t i o n s deve loped in t h i s s t u d y should p r o v i d e t h e I n d u s t r i a l 
E n g i n e e r w i t h a t o o l by which can be measured t h e e f f e c t i v e n e s s o f v a r i o u s 
equipment on c o s t and t h e p r o d u c t i v e use o f warehouse s p a c e , e i t h e r I N 
e x i s t i n g b u i l d i n g s o r i n t h e development o f requirements f o r c o n s t r u c t i o n 
o f new o n e s . There should a l s o be d i s p e l l e d from t h e mind o f t h e r e a d e r 
c o n f l i c t s which have e x i s t e d through manufacturers ' c l a i m s which c o u l d not 
be measured e f f e c t i v e l y but which may now be e v a l u a t e d p r o p e r l y W i t h r e s p e c t 
t o t h e d e g r e e o f e f f i c i e n c y each u n i t can produce . 
I t i s e v i d e n t t h a t t h e p r a c t i c i n g e n g i n e e r shou ld t a k e i n t o c o n s i d ­
e r a t i o n p a l l e t s i z e and f o r k t r u c k c a p a b i l i t i e s in c o n j u n c t i o n w i t h E A C H 
o t h e r r a t h e r than make d e c i s i o n s r e g a r d i n g t h e t y p e s t o be U S E D s e p a r a t e l y . 
The reader w i l l n o t e in t h e t a b l e s t h a t t h e r e a r e many ; combinat ions W H I C H 
w i l l produce t h e same p e r cent e f f i c i e n c y , thus a l l o w i n g numerous e q u i v a l e n t 
a l t e r n a t i v e s in t h e l a y o u t . T h i s makes i t p o s s i b l e t o d e v e l o p a l t e r n a t i v e 
l a y o u t s employing d i f f e r e n t equipment and t o e v a l u a t e each on t h e B A S I S o f 
o t h e r f a c t o r s . S i n c e t h e s e v e r a l combinat ions produce T H E SAME E F F I C I E N C I E S , 
we may g a i n some advantage in terms o f equipment c o s t which would N O T be 
apparent i f d e v e l o p e d i n any o t h e r manner. 
Because o f t h e approach t h a t was employed, I T was N E C E S S A R Y TO L I M I T 
t h e range o f p a l l e t s i z e and f o r k t r u c k s p e c i f i c a t i o n s . No C O N S I D E R A T I O N 
was g i v e n t o t h e e f f e c t on f o r k t r u c k l i f t i n g c a p a c i t y when T H E P A L L E T L E N G T H 
59 
was i n c r e a s e d . I t would seem p r a c t i c a l t o i n v e s t i g a t e t h e l o s s i n e f f i ­
c i e n c y by i n c r e a s i n g t h e c o u n t e r b a l a n c e o f t h e f o r k t r u c k as a g a i n s t t h e 
i n c r e a s e in e f f i c i e n c y b y u s i n g t h e l a r g e r s i z e p a l l e t s . The i n c r e a s e in 
c o u n t e r b a l a n c e would i n s u r e t h e same c a p a c i t y when us ing a p a l l e t o f a 
s i z e l a r g e r than t h e r a t e d c a p a c i t y o f t h e f o r k t r u c k and a t t h e same t ime 
i n c r e a s e t h e e f f i c i e n c y . Many f o r k t r u c k manufacturers a c c o m p l i s h t h i s by 
us ing t h e c h a s s i s o f a s m a l l e r f o r k t r u c k w i t h t h e c o u n t e r b a l a n c e and mast 
o f a l a r g e r t r u c k . 
No c o n s i d e r a t i o n has been g i v e n t o t h e l e n g t h o f t ime a p a l l e t 
remains in s t o r a g e and t h e e f f e c t t h i s might have on t h e depth o f s t o r i n g 
t h e p a l l e t s . T h i s d e c i s i o n would have t o be made based on t h e movement 
o f t h e i tems t o be s t o r e d and would p r o b a b l y v a r y c o n s i d e r a b l y from one 
i tem t o t h e n e x t . I t should be p o i n t e d o u t , however, t h a t c a r e f u l c o n s i d ­
e r a t i o n must be g i v e n t o t h i s p o i n t when making t h e l a y o u t . Items p l a c e d 
in s t o r a g e f o r l o n g e r than normal p e r i o d s and withdrawn o v e r extended 
p e r i o d s of. t ime l e a v e a r e a s unoccupied which c o u l d be put t o more p r o f i t ­
a b l e u s e . 
Probably t h e most important s i n g l e f a c t o r which has no t been con­
s i d e r e d i n t h i s s t u d y i s t h e c o s t o f l a b o r t o perform under t h e v a r i o u s 
s t a t e s o f t h e s t u d y . The a u t h o r recommends t h a t b e f o r e reach ing a f i n a l 
d e c i s i o n , t h e e n g i n e e r s t u d y t h e e f f e c t on c o s t o f l a b o r and b u i l d i n g cos t 
under each o f t h e a l t e r n a t i v e s o f i n t e r e s t , f o r t h e c o s t o f one may c a n c e l 
t h e s a v i n g s a n t i c i p a t e d i n t h e o t h e r . I t i s known t h a t as OL i n c r e a s e t h e 
c o s t o f l a b o r d e c r e a s e s . How much e f f e c t t h i s may have on t h e c o s t o f 
l a b o r can o n l y be surmised a t t h i s p o i n t but the e f f e c t may be s u f f i c i e n t l y 
l a r g e in terms o f c o s t t o outweigh the l o s s in f l o o r space e f f i c i e n c y . 
T h i s s t u d y shows t h a t in some c a s e s , optimum e f f i c i e n c y i s o b t a i n e d wh 
a = 0 ; i t may be in some c a s e s , t h a t when t h e c o s t o f l a b o r i s taken 
i n t o c o n s i d e r a t i o n , t h e optimum e f f i c i e n c y i s o b t a i n e d when CL ̂  0 . 
kl 
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APPENDIX 
Fork Truck and P a l l e t S p e c i f i c a t i o n s 
Fork Truck P a l l e t 
3 6 " x 40" 40" x 4o" 4 8 " x 40" 






7 5 " 3 4 0 10 5 9 3 5 - 2 5 9 - 0 3 8 . 8 62.2 3 6 - 5 68.8 3 2 . 5 
8 0 " 3 4 0 13 61 33-9 6 1 . 4 3 7 . 1 64.6 34.9 7 1 . 4 3 1 . 2 
8 5 " 34 0 13 66 3 1 . 0 6 1 . 4 3 7 . 1 64.6 34.9 7 1 . 4 3 1 . 2 
90" 3 8 6 15 6 9 39-6 68.0 41 .4 7 1 . 1 39.3 77 .4 35.5 
100" 3 8 9 15 79 3 6 . 5 70.0 43.3 73.0 4 1 . 1 79.2 37-3 
1 1 0 " 3 8 9 15 89 3 1 . 9 70.0 43-3 73.0 4 l . l 79.2 37.3 
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